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SMALL-AIRWAYS DYSFUNCTION IN NONSMOKERS 
CHRONICALLY EXPOSED TO TOBACCO SMOKE 

James R. White, PhiD, and Herman F. Frocr, MlD. 


Abstract Ws tvgluittd tbt affsct of long-term 
passive smoking (involuntary Inhalation of tobacco 
smoke by nonsmokers) and long-term voluntary 
smoking on specific indexes of pulmonary function 
in 2100 middle-aged subjects. Regardless of sex, 
nonsmokers chronically exposed to tobacco smoke 
tied a lower forced mid-expiratory flow rata (FEF 25 
to 75 par cent) and forced end-expiratory Row fate 
(FEF 75 to 85 per cent) plan nonsmokers not'ix- 
posed (P <0.005). In addition, values in passive uftok- 
ers were not significantly different from thoir^n 
light smokers and smokers who did not inhale 

I T is generally believed that infrequent and ihort- 
term exposure to pollutants in tobacco, such as 
carbon monoxide nicotine, bemo(a)pyrene, and ox¬ 
ides of nitrogen, will not permanently alter pulmo¬ 
nary function in healthy adult nonsmokers. We tested 
two hypotheses: that nonsmokers chronically ex* 
posed at work to the pollutants in tobacco will score 
lower on tests of smalNairways function than non- 
smokers not chronically exposed to tobacco smoke; 
and that exposure to tobacco smoke will cause a 
graded abnormality in small-airways function in re- 
iition to the extent of smoke exposure. 


Methods 

8u blasts 

To examine these hypotheses we used the scores on tests of mean 
forc e d mid-expiratory flow (FEF 25 to 75 percent) and mean forced 
end-expiratory'flow (FEF 75 to 8 5 per cent); these tests have proved 
effective in delecting smalt-airways disease in its early stages.* 4 
Forced vital capacity and forced expiratory volume in one second 
(FEV,) were also studied. 

Data were collected on 5210 cigarette smokers and nonsmoken 
w hp had been physjofogically evaluated during a "Physical Fitness 
Profile*’ course sponsored by the Department of Physical Educa- 
boa. University of California, San Diego, between 1969 and 1979. 
Most of the subjects resided in San Diego, an area low in air pollu¬ 
tion. Occupation and locations of work and residence according 
to zip codes were analysed. There were no statistically significant 
differences between the groups in types of occupation or in working 
or living locations. Eighty-three per cent of the working subjects 
beld professional, managerial, or technical positions, and the re¬ 
mainder were blue-colfor workers Personal habits, environmental 
pollution, and smoking habits were assessed from an extensive, self- 
administered questionnaire completed on two separate occasions. 
The reliability coefficients for the test and retest are greater than 
r - 0.96. Each subject*!age, height, and wtight were recorded, and 
they were categorized according to sex, exposure to tobacco smoke, 
and smoking habits. 
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Saa Diego (Mdrm rephot inquests to Dr. Whit* at the Department of Phys¬ 
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tobacco amoka in tot worto anv l ronmant“li?dttote- 
ftoua to tha nonsmokar and significantly reduces 
amail-airways function. (N Engl J Mad. 1B80; 902: 
720-3.) 


From the origins] 5210 esndidstes, 2206 were disquslified be¬ 
cause they indicated on the questionnaire that they had a history of 
pulmonary or cardiac disease, persistent cough, recent asthma, res¬ 
piratory iUneti, or bronchial disturbances; that they had had Occu¬ 
pational exposure to dust or other toxic fumes; that they had lived 
in a smoggy or industrial area; or that they had been employed in 
areas associated with industrial pollution The 3002 remaining can¬ 
didates were assigned to one of six groups according to their ex¬ 
posure to tobacco smoke (Table 1). From each group 200 men and 
200 women were then randomly selected and assigned to the com¬ 
parison groups However, only 50 male and female subjects were 
available for the noninhaling smoking group (3), and so the total 
number of subjects reported on is 2100. 

A singlt technician administered suc^essrv? forred-vital-caparity 
maneuvers until reproducible curves were obtained on each subject 
with um of the Donti Pulmonary Performs net Analyzer (PA70). 
The fast vital-capacity spirogram achieving the greatest volume was 
used to calculate the forced vital capacity (FVC), the forced expira¬ 
tory flow for one second (FEV,). the forced mid-expiratory flow 
(FEF 25 to 75 per cent), and the forced end-expiratory flow (FEF 75 
so 15 per cent) (Table I). 

Comparisons were made between the scores achieved by six 
groups of subjects matched for age and sex. Croup 1 comprised 
nonsmoken who had neither lived in a bouse where tobacco smok¬ 
ing was permitted nor been employed in an enclosed working area 
that permitted smoking or routinely contained tobacco smoke. 
Group 2 comprised passive smokers, that is. nonsmoken who lived 
te a bouse where tobacco smoking was not permitted but had been 
employed for 20 yean or more in an enclosed working area that per¬ 
mitted smoking and routinely contained tobacco smoke. Group J 
contained pipe, cigar, or cigarette smokers who did not inhale; 
Group 4, light smokers wh© had inhaled one to 10 cigarettes per day 
for 20 years or more; Group Sg moderate smoken who had inhaled 
It to 59 agamies per day for 20 yean or more, and Group 6, heavy 
smokers who had inhaled more than 40 cigarettes per day for 20 
years or more. Presumably, the subjects te these last four groups a& 
worked te environments where smoking was permitted, since they 
themselves smoked at work. 

To test the hypothesis that there was no difference between the 
pulmonary scores te each group, we used a statistical package 
called "SPS5H Release 6 jQ 2," which gave tas a one-way analysis of 
variance. When the analysis of variance revealed » significant dif¬ 
ference, the hypothesis was rejected. We then used the Student- 
Newman-Kruh multiple-comparison test to determine subgroups. 4 

Carbon Monoxide Levels In Working Environment 

On the questionnaire the subjects who did not vnoke indicated 
whether smoking was permitted in thekjgprking area and whether 
the air generally contained tobacco smoke To obtain a more objec¬ 
tive measure of true concentrations of smoke in the working areas, 
we placed a portable carbon monoxide analyzer (Ecdyzcr, Ener- 
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TabW 1..Vital CaptcitiM and Expiratory Flow Rata (Moan aS.D.) In Mala and Famala Smokara and Nonamokars. 
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|etia Science, Elmsdorf, N. Y.) on top of the desk or in the working 
ores of 40 randomly selected nommokers who hod indicated that 
they worked in an environment without smoke and 40 similarly 
selected notumokers :who had indicated that the air in their work¬ 
ing area contained smoke from co-workers Carbon monoxide, a 
component of tobacco smoke, is an accurate tobacco-smoke 
tracer,*’ and its concentration is directly proportional to that of 
tobacco smoke.*- 9 The mean carbon monoxide concentrations in 
areas where smoking occurred were compared with simitar mea¬ 
surements taken in areas where smoking was not permitted (Table 
2). During the day, particularly at 11:20 a.m. and liO pm, the 
differences in the mean values betwee n environments with and 
without smoking were significantly different. Only at 7:00 *:m. and 
7:00 p.m., before and after working hours, were carbon monoxide 
concentrations the same. In the environments where there was 
smoking, the mean concentration at peak values almost doubled, 
from 6.4 to 111.6 parts per million, whereas in the environments 
where there was no smoking, the increase was from 6.3 to 8.2 parts 
per million. The peak concentration of carbon monoxide was sig¬ 
nificantly greater in the environments where smoking occurred. The 
carbon monoxide analyser was calibrated in the laboratory and 
feund to have ±2 per cent reproducibility and ±2 per cem accu¬ 
racy at levels between 0 and 50 parts per million. 

Of the 80 working areas tested lor carbon monoxide concentra¬ 
tions, 76 were air-conditioned. No attempt was made to determine 
the direction of the circulation of refrigerated air or the exact air ex* 
change. Building codes require a minimum of five to six complete 
air exchanges per hour. The fixe of the rooms and the number of co- 
workers in the washing areas were computed. In t er ms of these two 
factors, there was no significant difference between the working 
areas where smoking was permitted and where it was not permit¬ 
ted. In the areas without smoking, ventilation was sufficient to 
maintain peak carbon monoxide concentrations below 9 parts per 
million, which Holbrook' defines as the upper tunii for carbon 
monoxide in areas with adequate vcnriUtfoa 19 However, vrntda- 
-lion in our study was not capabk of adequately extracting polluted 
air as measured by carbon monoxide levels in areas where smoking 
was allowed (Table 2). 


Results 

The mean values ± the standard deviation for the 
FVC, FEV„ FEF 25 to 75 per cent, and FEF 75 to 85 
per cent in the six groups studied are shown in Table 
t. There were no statistical differences in the ages and 
heights within the various groups. 

Compared with nonsmokers who worked in envi¬ 
ronments where there was no smoking, both the men 
and the women in the other five groups had signifi¬ 
cantly lower values for FEF 25 to 75 per cent and FEF 
75 to 85 per cent. These lower levels were observed in 
both absolute values and per cent predicted values 
calculated according to the formulas of Morris. 11 The 
FVC and FEV, were not as sensitive, and values were 
lower only in the female heavier smokers of Groups 5 
and 6 and in the male heavier smokers of Groups 4, 5, 


Table 2. Carbon Monoxide Concentrations (parts per 
million) Measured during the Workday. 
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and 6. The passive smokers not only scored signifi¬ 
cantly lower than their naftmoking counterparts but 
ilso fell into the same state of impaired performance 
as the noninhalers and light smokers. Again, this was 
true for both men and women. 

Table 1-shows the prediaed values for the average 
man and woman according to height and weight. 
There is no statistical difference between these pre* 
dieted values and the values in nonsmokers. How* 
ever, as the degree of smoking exposure increased in 
both men and women, the performance of FEF 25 to 
75 per cent and FEF 75 to 85 per cent decreased, as 
shown by the stepwise reduction in scores for moder¬ 
ate and heavy smokers (Table 1), 

As shown in Table 3, differences in pulmonary per¬ 
formance between groups were analyzed by statist!* 
cal analyses of variance according to the Student- 
Newman-Keuls muhiple*range test at a level of 


Tabia 3. Pulmonary Function in Subjects Chronically 
Exposed to Tobacco Smoke * 


Vaunt 

Scv 

Sueoaocw AM^wees is OftMuov 
DKUkiMKmOMivFufcawK 

FVC 

Female 

NS Ml LS PS MS HS 


Male 

NSW NILS MS HS 

FEV, 

Feme >e 

NS Nl IS FS MS HS 


Mile 

NS Nl PS LS MS HS 

FEF 25-755 

Female 

NS FS Nl LS MS HS 


Male 

NS Nl FS LS MS HS 

FEF7*45% 

Female 

NS PS NILS MS HS 


Male 

NS NIPS LS MS HS 


*Uft4trbniaft wtftcsw mbfnvp* vruH *1 the Siednat- N— im» Swk aw il u»W 
wife mi ink 0 005 ln-*i ' f m mtmmpk. for FVC. famak. then ut tfcrw fro«f« dw 
after from —cfc oU p wni i r»lf > Ik ftni froof corapnm* NS, NL IS. m 4 ft, U*mc- 
•ndifrotip MS. and Uw Hurd HS NS fenem aownotm, fS fi nwi «n«4crv Nfaon- 
faMta* smotcrv LS hg*i «noi«n (mb to 10 ofamw par dayj. MS Moderate aaaUn 
(II <« Jt Ofirtna per dayL and HS Men amotm (dOdr mon o|*m*ai par d»)l — 
Cr oop t l to 4. mpiactn**) 


0.005.* The subgrouping indicates that both male and 
female nonsmokers who live and work in a smoke-free 
environment score the highest of all the subgroups, 
and that passive smokers, smokers who do not inhale, 
and light smokers are not significantly different from 
one another. The analysis also shows that both mod¬ 
erate and heavy smokers are, in general, not signifi¬ 
cantly different: that is, they share about the same 
degree of dysfunction. It is impressive that in all pul¬ 
monary function tests, the moderate and heavy 
smokers'scored significantly worse than all 1 other 
groups, and that in tests that best reflect smalt- 
airways function (FEF 25 to 75 per cent and FEF 75 
to 65 per cent), the nonsmokers scored significantly 
better than all other groups. 


Discussion 

We used several methods to minimize the standard: 
error of the difference and eliminate sampling biases 
in this study. First of all, measurements were made in 
a large number of subjects (a total of 2100), and they 
were divided into six specific groups according to their 
responses to a questionnaire on smoking history. Can¬ 
didates with health, environmental, or occupational 
conditions that could influence pulmonary function 
adversely were disqualified from the study. Further* 
more, comparisons among the groups of occupations 
and working and living locations showed that they 
were not significantly different, thus minimizing the 
sampling error. When the sites for measurement of 
carbon monoxide were selected, bias was reduced be¬ 
cause 20 male and 20 female nonsmokers and 20 male 
and 20 female passive smokers were randomly 
selected from the 200 subjects in each group. Finally,, 
most studies on smoking have a correlational design; 
this approach may weaken many of the conclusions 
because tobacco smoking is a matter of choice and is 
done for a variety of personal! reasons, which may 
cause both the smoking and the pulmonary dysfunc¬ 
tion. In our study, neither the nonsmokers nor the 
passive smokers chose to smoke; therefore, the pul¬ 
monary dysfunction found in passive smokers cannot 
be attributed to the “reasons’* that may be related to 
the dysfunction in smokers. Comparison between the 
nonsmokers and the passive smokers is thus truly ex¬ 
perimental. 

Although there was no statistical difference be¬ 
tween the prediaed values in Table 1 and values in 
the nonsmokers, it must be remembered that predict¬ 
ed values were based on the combination of data ob¬ 
tained from nonsmokers and passive smokers. When 
data on the nonsmoker and the passive smoker are 
arithmetically averaged, the value approximates that 
found in existing prediaed norms. We believe that in 
choosing subjects for establishing “normal prediaed 
values,” one should take into account the degree erf 
cigarette pollution in which the subjeas live and 
work. 

Ambient carbon monoxide may have deleterious ef¬ 
fects on bodily functions other than those of the lung. 
Studies by Bridge and Com 9 and by Hexter and Gold* 
smith 13 have indicated that concentrations of carbon 
monoxide as low as 6 parts per million can increase 
the incidence of symptomatic or overt ischemic heart 
disease. It has also been shown that elevated carbon 
monoxide concentrations can increase the incidence of 
early angina in patients with atherosclerotic heart dis¬ 
ease. Ilw High carbon monoxide concentrations also 
lead to alterations in psychomotor performance in 
healthy subjects.” We chose to look at long-range 
changes in the function of small airways in the lungs 
of nonsmokers chronically exposed to low levels of to¬ 
bacco smoke as measured by ca rbqn m onoxide levels. 
Carbon monoxide was used as an index of exposure to 
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tobacco smoke and was not intended to be identified 
as the specific inciting agent. 

The traditional spirometric tests of FVC and FEV, 
depend mostly on the total airway resistance and elas¬ 
tic recoil of the lung and are often normal in the pres¬ 
ence of extensive small-airways disease. 11 In contrast, 
the mid-expiratory and maximal end-expiratory flow 
rates reflect expiratory flow in the presence of lower 
lung volumes during a period when airway segments 
may be in the process of closing.' 7 - 1 * Other studies 
have indicated a high frequency of small-airways dis^ 
ease in relatively asymptomatic dgamte smokers. 1 * In 
one study, 72 per cent of the subjects had significant¬ 
ly decreased maximal mid-expiratory flow rates. 1 
Morris 1 '* has shown that measurements of forced ex¬ 
piratory flow rate are simple and accurate predictors 
of changes in small airways. It is generally agreed that 
in the presence of normal FVC and FEV„ reduced 
forced mid-expiratory and end-expiratory flow rates 
are commensurate with small-airways disease. 1 * 11 ** 
Our results agree with those of Macklem and Mead 1 * 
and of Morris, 1 * 11 ** in that neither FVC nor FEV, was 
significantly different in passive smokers and non- 
smokers, but that both FEF 25 to 75 per cent and FEF 
75 to 85 per cent were significantly fower in passive 
smokers than in nonsmokers. 

In considering the relation of graded abnormality to 
the extent of smoke exposure, k b interesting to note 
&at the nonsmolters in our study scored well above all 
Other groups in the tests in Tables 1 and 3. However, 
there was no significant difference in the scores of the 
passmsoMikers, the smokers who did not inhale, and 
the fight smokers. Thisfinding suggests that if long* 
tern small-airways dysfunction ^occurring, the non- 
s&oken who work in a groolcy environment hare 
about the game risk of impainnem as do smokers who 
do not inhak and smokers who inhale between one 
awl 10 cigarettes per day. Niewoehner et aL 11 showed 
that further increases in exposure to cigarette smoke 
cause a progression from small-airways involvement 
to extensive bronchia] and alveolar disease: the 
greater the exposure, the greater the involvement. 

There is supporting evidence of the effects of pas¬ 
sive smoking on tmaO^airways function and the de¬ 
velopment of a graded abnormality according to ex¬ 
tent of exposure to smoke. A recent study by Tager et 
ad.* has shown that children living in households 
where parents smoked tobacco had lower mid- 
expiratory flow rates (FEF 25 to 75 per cent) than 
children who lived in households where smoking did 
not occur. In addition, FEF 25 to 75 per cent in chil¬ 
dren who had never smoked declined as a function of 
the number of parents who smoked in the household. 
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The greater the exposure, the lower the pulmonary- 
function score. 

Although many nonsmokers believe that exposure 
•^tobacco smoke Is irritating and generally ob- 
W & bo s, mar s tudie s arid Tager 1 * show the adverse ef- 
of passive smoking on the func- 

i of both adiihs and children. Win these data now 
health officials and the medical profession 
consider potential for small-airways dysfunc- 
in nonsmokers chronically exposed to tobacco 
smoked 

We art indebted to Stanton A Glxnu, Ph.D., and Howard F 
Hunt, Pb.D., for statistical collaboration, and to Mr*. Joan 
Cochrane for manuscript preparation and editing. 
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